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eight  holes 0.023 inch i n  diameter. 

a t  various rates and the e f fec ts  of t h i s  gas inject ion on forces and moments 

were determined a t  angles of a t tack up t o  about 14'. 

From these holes helium was injected 

Some of t he  results of t h i s  investigation are shown i n  Figo  1. For 

these resu l t s ,  the mass rate parameter, m, is the  r a t i o  of the  mass rate 

of inject ion t o  the  product of the  free-stream velocity,  free-stream 

density, and body base areao 

decreases the  s t a b i l i t y  at l o w  angles of a t tack  and increases it a t  in te r -  

mediate angles. 

These results show that the  mass addition 

I n  f a c t ,  a crossover occurs and a t  higher angles the 

pitching moments are increased i n  magnitude compared t o  those for t he  body 

without injection. With increasing mass addition, the changes i n  s t a b i l i t y  

and moments become more pronounced and the  CroBsover angle of a t tack 

increases. The normal force,  however, decreases with increasing inject ion 

rate a t  all angles of attack, although the reductions a re  somewhat l e s s  at  

the higher angles. 

w i t h  the  aid of the results of another s e r i e s  of t e s t s ,  The same cone with 

a se r i e s  of oversized spheres a t  the t i p  w a s  t es ted  a t  a Mach number of 18 

and a Reynolds number of 3.7 million. 

drag on the  normal forces and pitching moments was assumed t o  correspond t o  

a drag coeff ic ient  of L O ;  t h i s  contribution was subtracted t o  obtain the  

r e su l t s  shown i n  Fig. 2. 

e f fec t  on pitching moments and normal forces as increasing mass addition ra te ,  

A possible explanation f o r  t h i s  behavior can be obtained 

The d i r e c t  contribution of the  sphere 

Note t h a t  increasing sphere s i z e  has the same 

From these la t te r  results, it is  suzgested thn.t .  "sepr&ic~Likc" 

phenomena may be occurring as follows: 

thick l aye r  of low-energy gas which nearly encases the cone. 

The inject ion creates a re la t ive ly  

I n  many 
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respects t h i s  layer  behaves as a separated region. When the cone is inclined, 

the layer  cannot readily support the circumferential variation of pressure 

which produces normal loading. For t h i s  reason, both normal force and 

pitching moment would be reduced a t  l ea s t  at s m a l l  angles of attack where 

the cone remains nearly encased in the separated layer.  A t  somewhat higher 

angles, the separated o r  low-energy gas w i l l  co l lec t  on the lee s ide of the  

cone. 

reduced and i n  unseparated regions increased normal loading will be possible. 

Obviously t h i s  trend w i l l  occur a t  lower angles when the separated layer  i s  

thinner re la t ive  t o  the body radius. For the t e s t  cones, considerations of 

geometry and continuity indicate tha t  the separated layer  i s  indeed thinner 

re la t ive  t o  the radius toward the rear of the body. 

it appears t ha t  the loading should return t o  the portions of the body aft of 

the moment center at  lower angles of attack then it returns t o  the portions 

forward of the moment center. 

intermediate angles of attack the moments f o r  a boay with separation may 

exceed i n  magnitude those for a body without. 

normal forces w i l l  s t i l l  be reduced compared t o  those f o r  a body without 

separation. These trends are, of course, those observed i n  the  experimental 

resu l t s .  

Accordingly, the extent of separation on the  windward s ide  will be 

r 

From these considerations, 

For t h i s  reason, it is suggested tha t  a t  some 

A t  these angles, however, the 
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FIGURE LEGENDS 

Fig. 1.- Effect of mass addition on the normal-force and pitching-moment 

coefficients for a cone at a Mach number of 21.1 in helium. 

Fig. 2.- Effect of oversized spherical bluntness on pitching-moments and 

normal-force coefficients for a cone at M = 18.1 in helium. 
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Fig. 1.- mfect of mass addition On the normal-force and Pitching-moment 
coefficients for a cone at a Mach number of 21.1 in helium, 

- 

NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATlON 
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA 



- .02 

n 

0.04 

0.06 

0.08 

0 2 4 6 8 IO 12 14 16 

Fig. 2.- Effect. ~f n v ~ r s i z e d  sphei2ictti bluntness on pitching-moments and 
normal-force coefficients for a cone at M = 18-1 in helium, 
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